Climate change is one of the main threats to agriculture, including sugarcane agro-ecosystems, affecting the productivity of growers, and forcing them to implement adaptation measures. The study objective was to understand grower perceptions of climate change impact on sugarcane crop and the adaptation actions they are implementing in managing their crop in relation to socioeconomic and technological factors. This work was carried out in Irrigation Module II-1 Actopan, Veracruz, which serves part of sugarcane areas of the sugar factories La Gloria and El Modelo, Veracruz, Mexico. The Irrigation Module is located in the central region of the Gulf of Mexico. Information was attained by interviewing 90 sugarcane growers. Approximately 81% of growers had heard of climate change, 97% perceived changes in climate, 73.5% perceived changes in temperature, 87.8% perceived changes in precipitation, 49% in wind and 69% claimed damages to their agroecosystems from climate change. Using nonparametric statistics (Spearman ranks) (p < 0.05), there was a high perception by growers of climate change and sufficiently related to the adaptation actions they had implemented (r s = 0.3225, p = 0.0002). Given that the socioeconomic level of a producer influences perception level (r s = 0.561195, p = 0.0000001) and the development of actions for adapting to climate change (r s = 0.4436907, p = 0.000012), the results for the technological level of the grower were not related to adaptation measures. The latter can be explained in terms of the non-availability of financial resources for sugarcane growers, which prevents them from buying, for instance, a modern irrigation system or new agricultural machinery and equipment.
Introduction
Agroecosystem (AES) studies are based on the concept of applied agricultural systems, in their broadest expression. According to Hart (1979) , agroecosystems are those that have at least one agricultural community, a biotic community, and a physical environment with which these communities interact, and which man regulates using a programmed interaction. Yet, Gliessman (2002) conceptualized agroecosystems as frameworks used to analyze agricultural production systems in their entirety, including the complex set of inputs and outputs, and interactions among its parts. Martínez et al. (2011) , considering a conceptual model of farming at its minimum level of human cybernetic control, projected the optimal unit for the study of agriculture for its own transformation. The unit is integrated into a regional agricultural and rural system through production-consumption chains, with political and cultural interference from public and private institutions; the sugarcane agroecosystem as delimited in this study within the state of Veracruz.
Sugarcane agroecosystems in Mexico are one of the most important agricultural activities, due to their rural economic and social relevance, generating more than two million jobs directly and indirectly employing more than 12 million people (SE, 2012; Aguilar-Rivera, 2012) . Production of this crop covers 664,000 hectares, producing 5 million tons of sugar worth nearly 27 billion pesos, thus contributing 11.6% to the primary sector GDP and 2.5% of GDP manufacturing nationwide. According to PRONAC (2009) , the state of Veracruz produces the most with regard to harvested area, contributing 36% of total domestic production.
The adaptation is an important component of climate change impact and vulnerability assessment, and is one of the policy options in response to climate change impacts (Fankhauser, 1996; Smith & Lenhart, 1996; Smit et al., 1999) . Also, agricultural systems in general are highly vulnerable to climate change (Parry & Carter, 1989; Reilly, 1995) and sugarcane agroecosystems are no different in suffering from the adverse effects of this phenomenon (Ojeda 2010; ISO, 2013) . Kuhnel (1993) , Deressa et al. (2005) , Gawander (2007) and ISO (2013) indicate that sugarcane production is highly sensitive to effects from climate change, affecting productivity and crop yield, mainly due to variations in temperature and precipitation. In Veracruz, Mexico, Conde and Palma (2005) reported damage to thousands of hectares planted with sugarcane, mainly from extreme effects of climate change.
Such damages reflect adverse events that climate change is inducing on the management of sugarcane production. The Intergovernmental Panel on Climate Change (IPCC, 2007) and Altieri and Nicholls (2009) have suggested that prepared growers, and those moving to this end, can through a series of measures and actions implemented in their agroecosystems, reduce the effects of this phenomenon. Rodríguez (2007) and UE (2008) reported that among such measures are the adoption of new varieties or the combination of different crop types; adoption of technologies such as irrigation; adjusting planting and harvesting dates to changes in temperature and rainfall; and use of varieties that are better suited to new weather conditions (i.e. more resistant to heat and drought). Although relatively inexpensive changes, such as shifting planting dates or switching to an existing crop variety, may moderate negative impacts, the biggest benefits will likely result from more costly measures including the development of new crop varieties and expansion of irrigation (Rosenzweig & Parry, 1994) . Fischer et al. (2002) , IPCC (2007) and Sobrino (2008) suggested that grower adaptation to this phenomenon is related to socioeconomic and technological level, with those most vulnerable to climate change having the least access to resources. Therefore, Adger et al. (2007) indicated that the ability to adapt to climate change is uneven within and among societies. As well, human and social capital are known to be determinants of adaptive capacity at all levels, and are as important as income levels and technological capabilities.
Thus, Zaluaga et al. (2012) highlighted the importance of inquiring about the general perception that growers have of climate change and, therefore, the adaptations they have developed and implemented in their agroecosystems, since this depends on the adoption of technical recommendations that have been issued regarding this phenomenon in the central region of the Gulf of Mexico.
Thus, the present research was focused on understanding the perceptions of sugarcane growers to climate change and the adaptive measures implemented in managing their agroecosystems in relation to their socioeconomic conditions in the central zone of Veracruz state, which is located in the central Region of the Gulf of Mexico.
Materials and methods
This research was conducted within Irrigation Module II-1 Actopan, in the central zone of Veracruz state, located in the central region of the Gulf of Mexico and is part of Irrigation District 035, La Antigua, Veracruz, capturing surface waters from Rio Actopan. This Module covers the municipalities of Úrsulo Galván and Actopan ( Figure  1 ). 
Sample Size
Irrigation Module II-1 Actopan, has 2 287 sugarcane growers, and this information was used to determine the sample size, using the stratified random sampling technique described by Schaeffer et al. (1987) . To generate different socioeconomic strata, we used the variable size (ha) of grower areas (Table 1) . The selection of sample size was made based on sample representativeness, as defined by financial viability. Ultimately, 90 interviews were selected as part of a Bmax (maximum error disposition) indicating that between a minimum of 40 and an optimum of 1000 (B) growers were needed ( Figure 2 ). Vol. 7, No. 10; 2015 Figure 2. Sample size (n) selection following Scheaffer et al. (1987) , with an error disposition of B = 0.18
Questionnaire
A survey was conducted and a questionnaire was distributed to collect information. The questionnaire was developed based on the variables in the objective and applied as an interview to growers who formed the selected sample size.
Analysis of Results
Data on the opinions and perceptions of growers were standardized, from which values and frequencies were used in the discrimination of socioeconomic and technological levels, perception and adaptation.
Principal Components
Principal Components Analysis (PCA) was used to synthesize information collected in the field, with the aim of reducing the number of explanatory variables to the fewest number possible. Major components, or factors, are linear combinations of the original variables and mutually independent. For perception indices, adaptation and socioeconomic and technological levels extracted from the principal components were used nonparametrically to obtain correlations with new factors contrasting with the objective.
Results and Discussion
Approximately 6.6% of the interviewed growers had no education level, 34.4% had incomplete primary education, 20% had completed primary school, 14.4% completed middle school, 10% completed high school, 3.3% had incomplete university education, and 11.1% had completed a bachelor's degree. The principal means of information transfer were radio and television, and to a lesser extent newspapers, magazines and internet. Nearly 45% of growers were devoted exclusively to the production of sugarcane, while the remaining 55% also had other agricultural activities such as corn, beans, mango, taro, papaya, banana and livestock production; 40% of growers were engaged in non-farm activities. Growers indicated that their average income per hectare of sugarcane was $17,000.00 pesos annually, and earnings varied depending on prices managed by the sugar industry, annual and input values with good rainfall or, at least, regular rainfall.
Principal Components of Socioeconomic Status
To create a general index of socioeconomic level for growers, an index of access to media and an abstract standard of living index were formed. The level of access to media was assessed as the amount growers have available to them and the importance they place on issues related to environmental degradation.
proportional to the variables surrounding media access (i.e. newspapers, magazines and internet). Component 2 linearly explained internet access; to newspapers the correlation was negative, while for access to journals there was no explanation. Therefore, component 1 explained most of the variability regarding an index of media access (Table 2) . For standard of living (lifestyle), component 1 linearly explained better conditions in housing and characteristics that provide better access to health, such as floors and ceilings. Component 2 only explained health by taking into account the first component to represent a standard of living (Table 3) . 
Socioeconomic Status
Component 1 was directly related with its variables, explaining 43.18% of the variability. Component 2 was inversely proportional to the level of education and access to media information, but was directly proportional to the standard of living and the surface area managed by growers (Table 4) . For the representativeness index, component 1 was considered as an index of socioeconomic level. As such, five distinct groups could be identified from the characteristics included in the socioeconomic classification of sugarcane growers ( Figure 3 ). 
Technological Aspects
Technological aspects were considered if growers were implementing (or not) agricultural practices shown in Figure 5 , pertaining to a basic technology package for sugarcane agroecosystem management. Other practices that were evaluated for technological level were manual weed removal, trenching, leveling of inter-trench hillocks, herbicide application, pest and disease control, type of fertilizer (chemical/organic) and number of fertilizations. However, most of the technological variables showed insufficient statistical variance, and thus were not meaningful for integration into the components for the index of technological level. Thus, six variables were chosen for integration into the index (Table 5) . The technological level components accounted for 30.89% of the explanatory power. According to component 1, the relationship between the index of technological level and the other variables was directly proportional. Component 2 did not provide a sufficient explanatory percentage to explain the technological variables (Table 5 ).
The final index allowed for the classification of 5 technological levels of growers. Those at a high level produced a greater proportion due to their technological practices ( Figure 6 ). On average, there were no technological differences among ejidos or localities (Figure 7 ). 
Perceptions of Growers to Climate Change
Climate change for sugarcane growers in the region has not been an unnoticeable factor in their lives, as a significant number have indicated variations in temperature, rain and wind. As well, the perception of existing climate change differs over time, indicating that for growers climate has not been equal to earlier times, and a significant number admit to knowing of the phenomenon (Figure 8 ). The perceptions and knowledge that growers have of weather patterns in recent years are discussed below, and their prospects for future events.
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Perceptions of Temperature Changes
Certainly, for most growers, temperatures have increased in recent years. Nearly 73.4% perceived differences in temperature; most frequently mentioned is that it is recently warmer than in previous periods (Table 6 ). Other growers commented on wider perceptions, how they have seen the change in temperatures today. For example, "Now it's warmer; the weather has become more unstable and is hurting us; for example, before you could work longer in the field, from sunrise to sunset, but now the high temperatures no longer allow this."
"The weather has already changed very much from 20 years ago; for example, extreme temperatures now feel warmer and colder than before."
"Now it's warmer, the sun burns more than before, it burns more and causes more droughts." "In the last seven years there has been more heat; we are not as strong as before with less heat, it is more intense and burns more than before."
Therefore, growers perceive that in recent years and decades, temperatures have changed enough to say that they are no longer equal to today. This is evidenced as an increase in temperature manifested by climate change.
Meanwhile, climate variability is leaving growers uncertain about the future. Approximately 27.8% have negative perceptions about temperature trends, which will continue to rise and be more extreme and hot, including increased deforestation. Approximately 16.65 % believe that temperatures will not change and 55.55% of growers did not respond.
Perceptions of Changes in Rainfall
As for precipitation, 87.78% of growers said that the rains have changed, relating most often to the erratic and decreased rainfall, affecting the provision of water for irrigation, which has been perceived differently by Vol. 7, No. 10; 2015 sugarcane growers (Table 7) . Among comments from growers there was: "Before, the normal rains were in May, and are now delayed until June; earlier rain-fed areas produced well and rains were not a problem, but now it rains more, and we have more than available water."
"Nearly 20 years ago, the rains were on time and frequent; in rain-fed areas corn could be planted because it was raining on time; now it cannot produce well."
Comments were very common on gaps in dates for rain, mainly about delays, which reduced the production of sugarcane.
Regarding extraordinary rainfall, "Now it rains soon, before it rains in a year", indicating that the rainy season has been shortened, but the rains have intensified. Therefore, growers commented that the current rains have generated more negative impacts on their lives, causing occasional flooding of their crops.
Thus, rainfall has changed much as perceived by growers and these changes are more significant than temperature and wind, providing the greatest impact on crops and daily lives.
For future precipitation, 29% said that there will be low rainfall and water, as will most extraordinary rain events; those with positive attitudes commented: "if it is reforested, we will improve the situation and it will rain better." Almost 10% felt that the rains would continue as present and 61% did not respond.
Perceptions of Changes in Wind
Wind is a climatic element that can lead to the loss of productive yield of sugarcane, but has been difficult to describe and differentiate regarding changes. However, for at least 48.89% of growers, winds have changed in frequency and intensity, becoming sufficiently violent in recent years to affect production ( In addition, they mentioned that there are now winds previously unexperienced and with stronger intensities. As well, winds today are more extreme and the north-winds are more constant, resulting in a flattening of the sugarcane stalks. According to growers, winds have not changed as much compared to temperatures and rainfall.
In the future, 14.4% of growers expect winds to continue behaving as they are currently, 10% considered them to be more intense, strong and violent, while the remainder did not respond.
Repercussions of Climate Change on Sugarcane AES
According to growers, it is important to understand the negative impacts that climate change has generated on production (Table 9 ). Climate change has benefited sugarcane production 1 1.11
Do not know how climate change has affected sugarcane production 9 10.00
Climate change has not affected sugarcane production 18 20.00
Total 90 100
Some growers further described the impacts that climate change has on sugarcane production: "Now the heat dehydrates the sugarcane and evaporates the water for the crop, so there will need to be more irrigation, and this may not be enough. Also, the strong winds break the sugarcane stalks which reduce crop performance, just as with high temperatures and water scarcity, which increases pest abundance and distribution, such as spotted spittlebug (Aeneolamia spp.) and screw-worms."
Growers also have realized that pests and diseases have been more noticeable in recent years, mostly during years having lower rainfall and higher temperatures. This impacts the provision of water for irrigation, which directly affects crop production and yield.
www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; 2015 Another problem which growers face is that some have land where there is no irrigation service. Thus, rain-fed areas have been most affected by erratic rainfall, because they depend directly on rainfall which has been very unstable, or at a deficit, in recent years. Also, they have faced extreme events such as hurricanes, a situation that is stressful, especially in rain-fed areas. Magaña (2006) mentioned that the lack of irrigation in much of Mexico has made agriculture in rain-fed areas even more vulnerable to water deficits. However, irrigated areas of the country are often faced with shortages and uncertainty about water availability and increased competition from non-agricultural water users. Growers repeatedly emphasized that rainwater and irrigation have declined in recent years, representing a major threat to sugarcane agroecosystems.
Therefore, sugarcane agroecosystems are being affected by changes in temperature and wind, but mainly by shortages and delays in rainfall, coupled with the presence of heavy rains.
Grower Concerns about Climate Change
Most growers were aware of climate variability and the impacts it has generated on sugarcane production. Thus, climate change at present leaves some uncertainty for the future, leaving many producers concerned (Table 10 ). Water shortages related to deforestation were widely discussed by growers and considered it their greatest concern. Another concern for growers was that there was little information for communities to use when addressing environmental issues and to reduce pollution, reaffirming that there is insufficient information for effective initiatives to address the issue of climate change.
In addition, growers were concerned about the frequent occurrence of hurricanes impacting the region, reducing crop production and impacting the stability of their lives.
According to Ojeda-Bustamante et al. (2012) , the real concern is that climate change will add more stress to agricultural production systems, so that crop productivity would decrease to critical levels, testing the sustainability of agriculture in several regions.
Grower Awareness of Climate Change
Although growers were concerned about climate change, the available knowledge and their awareness makes it possible for them to speculate about possible causes of this phenomenon (Table 11) . Most growers mentioned concerns about pollution from industrial activities as the main cause of climate change, and also referred to deforestation as a vital part in the problem of global warming. Still others felt that more natural causes were responsible for climate change, mainly by changes in solar activity.
Some sugarcane growers were aware of the problems and said part of the changes were due to agricultural practices that took place while managing their agroecosystems. For example, some commented: "How are we not going to contribute to climate change with the great amount of pollution we generate during harvesting, when we burn thousands of hectares of sugarcane; as well, many chemicals are used during production (of course we are altering the climate, the problem is we cannot do anything, it is the only way to harvest sugarcane)."
Other growers generally considered the lack of education and culture as root problems causing climate change. Some erroneously attributed global warming as the cause of holes in the ozone layer, which in reality are brought about by the use of aerosols and other chemicals. According to Oltra et al. (2009) , confusion with the phenomenon of the destruction of the ozone layer is common in different groups of growers, because it usually occurs in individuals with low levels of education and even in growers with sufficient education.
Principal Components of Perception
The perception index was developed based on grower perception variables; how they perceived climate change before as compared to today, what was their outlook on the future, what were their concerns about climate change and their awareness of the causes of this phenomenon.
Component 1 linearly explained 55.55% of the variability related to grower perceptions of climate changes seen earlier, at present, and for the future, knowledge of impacts from climate change on their AES, their concerns about this phenomenon and knowledge of its causes. Component 2 did not explain previous perception or that presently existing, but instead best explained perspectives on future climate, with positive perceptions of growers about the impacts of climate change on their AES. Component 2 also explained grower concerns about this phenomenon and knowledge of its causes (Table 12 ). possessed according to their respective ejido or locality. Growers located at a high level in the graph expressed a better perspective on observed changes in temperature, precipitation and wind, plus they had better awareness of issues related to this phenomenon ( Figure 9 ). 
Adaptation Measures of Sugarcane Growers
Altieri & Nicholls (2009) and IPCC (2007) suggested that many growers adapt to climate change through a series of actions and techniques implemented in the management of their crops. In more seasonal zones, use spray irrigation 2 2.22
Do nothing but accept the dry periods 1 1.11
In seasonal zones, adapt to the times of rain 1 1.11
Do not plant before, but after it begins to rain 1 1.11
Use pumps to access irrigation water 1 1.11
Technical improvement with spray irrigation (irrigation cannon) 1 1.11
Modify planting dates to periods of greater water availability 1 1.11
Increase chemical pesticide use to combat pests favored by climate change 1 1.11
Change planting dates to August and September 1 1.11
Construct a well when water is scarce to store water for irrigation 1 1.11
Use an irrigation pump to store water in the fields 1 1.11
Use an irrigation pump to store water in the fields and think about taking other actions 1 1.11
During periods of scarce rain in seasonal zones, join with other growers for a low pressure system 1 1.11
Use an irrigation pump to store water in the fields, modify planting dates 1 1.11
Sell land in seasonal zones as it is not viable, and buy land in irrigation zones 1 1.11
Use a 2-inch sprayer for irrigation, and explore for well-water 1 1.11 Relatively few growers were performing adaptive actions in response to climate change, even though they themselves had witnessed significant changes in climate and were suffering their affects. Adger et al. (2007) mention that adaptive actions that have taken place in agriculture have been scarce or limited, although there is awareness of the problems caused by climate change.
On the other hand, most of the adaptations that growers are making relate better to the use of water by using automated irrigation systems. Rodríguez (2007) mentioned that adaptation to climate change in agriculture essentially means being able to adapt at different points in time to the excess or lack of water.
In Australia, for example, there has been research on the development of strategic options to help sugarcane growers adapt to climate change. These include the use of new varieties of sugarcane, different landscape arrangements, different tillage practices, choice of equipment and technology for irrigation, and use of fertilizers and herbicides (ISO, 2013) .
In Guatemala, the Instituto de Investigación sobre Cambio Climático (Research Institute on Climate Change) has created an early warning system for floods to prepare growers. They also have a management program for groundwater and aquifer retention. In addition, there is work on minimizing environmental impact from burning sugarcane (ISO, 2013 ). An important aspect mentioned previously, is the impact that sugarcane management practices have generated on the environment through gases emitted during burning of the harvest, which is important when considering all actions engendered to counter climate change.
Growers mentioned that not only has sugarcane production suffered, other agricultural production systems have been affected and even appear to be more vulnerable to gradual climate changes and its impacts, so they have been taking some adaptation actions (Table 14) . For papaya, provide manual watering using containers, and support this effort with pumped water 1
Have cattle use grasses more resistant to dry periods 1 Construct a well for cattle for periods of scarce water 1
Change papaya planting dates and reduce cattle production in temperate zones 1
Abandon corn production due to insufficient water 1
Adaptation actions appear to be serving agriculture in unexpected ways. Rodríguez (2007) cited a recent World Bank study on climate change and rural poverty where the results differentiated impacts causing climate change among small and large growers. Both have weather sensitivities in their agroecosystems, but which outweigh the negative effects on the incomes of small-scale growers, a situation evident in the results of the present study.
Principal Components of Adaption Level
The variables included in the adaptation level component were adaptations in AES and in other agroecosystems. Therefore Component 1 explained 70.64% of the variation (Table 15 ). Three categories of grower capacity to perform actions to mitigate the effects from climate change were classified as those taking more specialized action and modernization of irrigation, those whose actions were less specialized regarding precipitation dates, and growers who simply could not make changes (Figure 11 ). Vol. 7, No. 10; 2015 ejidos who have taken the least action were Úrsulo Galván and José Guadalupe Rodríguez ( Figure 12 ).
Figure 12. Adaptation level by location
Finally, through non-parametric statistics, a significant (p < 0.05) effect was found showing that producer perception of climate change was related to adaptation actions recently taken (r s = 0.322470, p = 0.0001937). As well, grower socioeconomic level influenced their level of perception (r s = 0.561195, p = 0.00000001), and in the development of actions to adapt to climate change (r s = 0.4436907, p = 0.000012). In the present research, the technological level of growers was not related to adaptive actions.
Discussion
Sugarcane growers have perceived climate change through progressive changes in temperature, precipitation and wind, changes which have directly and indirectly affected the management of sugarcane production. However, despite the effects climate change has caused on agroecosystems, adaptive measures by growers are still scarce. Certainly, growers who have taken action to help mitigate the impacts from climate change are those with better economic standing that is reflected in their quality of life.
In addition to influencing adaptive actions, socioeconomic status affected grower perceptions, where those with higher socioeconomic status had better knowledge and perspectives on climate change. At the same time, grower perspective influenced the implementation of actions to help mitigate the effects from climate change. Technological factors were not issues, because the technologies implemented by growers in their AES were focused on addressing problems other than climate change.
Finally, the cognitive aspect of grower consciousness in recognizing and interpreting the significance of what is happening to the environment significantly influences the process of making judgments about the phenomenon under study, as with the adaptive processes in the AES being studied with regard to the effects from climate change.
Therefore, changes and modifications made by growers to adapt to the increasingly negative influences from climate change need an education program, knowledge of the most suitable adaptation measures and financial resources to convert perceptions of influence into AES management actions to mitigate climate change.
